sidered eradicated from Argentina in 1963 as a result of the Continental Campaign for vector elimination (Carcavallo & Martínez 1968) . Reinfestation was detected in 1986 (OPS 1990) and currently the geographic distribution of the mosquito is wider than before eradication (Curto et al. 2002) . Recently, three important dengue outbreaks were reported from Northern Argentina in the provinces of Salta (1998) , Misiones and Formosa (2000) (Boletín Epidemiológico Nacional 2001) , involving 922 confirmed cases (Avilés et al. 2003) . In Buenos Aires, there is a potential risk of dengue virus transmission during late summer (Carbajo et al. 2001) , but no autochthonous cases of the disease have been detected until present. However, some clinical studies documented dengue infection in people arriving from border countries with epidemics (Seijo et al. 2000 (Seijo et al. , 2001 . The occasional presence of dengue virus in people, together with high infestation levels of the vector (Cardinal et al. 2000 , pose an actual risk of virus transmission in Buenos Aires, the most crowded urban center of Argentina. In general, insects are exceedingly sensitive to temperature and rainfall regimens, and tropical and temperate species frequently show great variations in seasonal abundance (Samways 1995) . Reproduction of Ae. aegypti populations from tropical and subtropical zones occurs all year round and their abundance can either be associated with rainfall regimens (Moore et al. 1978 , Chadee 1991 , Kalra et al. 1997 , Micieli & Campos 2003 or not (Sheppard et al. 1969 , Barrera et al. 1997 . In temperate regions, temperature fluctuations affect the mosquito populations and allow Ae. aegypti proliferation only between September and April in Buenos Aires (de Garín et al. 2000) . Ae. aegypti populations are likely to remain as eggs through cold months (Domínguez et al. 2000 , and larvae might be occasionally found within small patches providing extraordinary favourable conditions (Kuruc et al. 2001) .
Urban cemeteries frequently fulfil the requirements for the proliferation of container-inhabiting mosquitoes. In particular, cemeteries of Buenos Aires City showed levels of Ae. aegypti infestation similar to mean values observed in the rest of the city . Using cemeteries as a study model, the objective of this work was to determine the temporal patterns of oviposition activity and abundance of breeding sites of Ae. aegypti in Buenos Aires City.
MATERIALS AND METHODS
Study area -Buenos Aires City (34º35'S 58º29'W), Argentina, is located at a mean altitude of 25 m above sea level. It has a diameter of approximately 17 km and covers an area of about 200 km 2 . There are approximately three million people living in the city and nine million in surrounding urban areas. Climate is temperate-humid with marked seasonality. The annual mean precipitation is 1076 mm and mean temperature is 17.4°C (IGM 1998) .
The study was conducted in cemeteries Británico (BR) and Chacarita (CH), which are adjacent and located near the geographic center of the city. These cemeteries were selected based on their contrasting environmental features and Ae. aegypti container indexes (percentage of water-holding containers infested with larvae or pupae, PAHO 1994). BR is a private cemetery with high vegetation cover (82%) and high container index (25%). On the other hand, CH, which is administered by municipal authorities, has medium vegetation cover (26%) and low container index (1.3%) .
Methodology -Temporal variations of Ae. aegypti abundance were evaluated by two techniques: (a) monitoring of breeding sites, and (b) monitoring of oviposition activity.
The monitoring of breeding sites (a) consisted of weekly inspections of randomly selected containers (any receptacle capable of containing water), which could not be re-sampled within a one-month period to avoid pseudoreplications. The water in each container was filtered with a fine mesh strainer. All preimaginal stages collected were fixed in 70% ethanol, examined with stereoscopic microscope at 50X, and identified according to the key for Argentine mosquitoes (Darsie 1985) . Third and fourth instars and pupae were counted. The frequency of occurrence of other mosquito species was not assessed.
In CH, containers were examined weekly (median = 766, quartile 1 = 688, quartile 3 = 807) from the beginning of November 1998 until the end of May 1999. In BR, containers were examined weekly (median = 299, quartile 1 = 272, quartile 3 = 333) from the beginning of October 1998 to the end of August 1999.
Oviposition was monitored (b) weekly using conventional black glass jar ovitraps (Service 1976 ) that were homogeneously distributed in both study areas. Each ovitrap, with a capacity of 330 ml, contained 100 ml of water and a 3 x 10 cm hardboard paddle resting against the upper rim. Each paddle was replaced seven days after exposure. Eggs of Ae. aegypti were examined under stereoscopic microscope (50X), identified according to descriptions by Estrada-Franco and Craig (1995) , and counted.
In CH, 131 ovitraps (1.8 ovitraps/ha) were inspected weekly from the beginning of September 1998 until the end of April 1999. In BR, 11 ovitraps (2.2 ovitraps/ha) were examined weekly from the beginning of November 1998 to the end of August 1999.
Data analysis -The percentage of Ae. aegypti breeding sites was defined as the percentage of water-holding containers infested with at least one larva or pupa. Percentages of Ae. aegypti breeding sites and percentages of positive ovitraps (with eggs) were compared between cemeteries with the z test for two independent proportions (Fleiss 1981) . Such comparison was undertaken using mean values obtained during the period when both cemeteries were simultaneously studied (breeding sites: November 98-May 99; ovitraps: November 98-April 99).
Additionally, separate z tests were performed for each month in which data exist for both BR and CH.
The productivity of immatures per breeding site (median number of third and fourth instar and pupae) and the productivity of eggs per ovitrap (median number of eggs per ovitrap) were compared between cemeteries using the Mann-Whitney test (Siegel & Castellan 1995) .
Seasonality was studied in each cemetery by comparing the infestation levels among the four seasons with a χ 2 test for multiple proportions (Fleiss 1981) . Then, new tests for multiple proportions were performed using Tukey procedure, which permits the comparison of each value with every other value (Zar 1999) . A descriptive analysis of the fluctuations in Ae. aegypti abundance was made using weekly and monthly values of breeding sites and oviposition activity, and monthly values of median number of immatures and median number of eggs.
Finally, we evaluated the association of mosquito abundance with monthly precipitation and temperature, which were calculated from daily data provided by the National Meteorology Service.
RESULTS
A total of 1069 breeding sites of Ae. aegypti were found among the 18,010 water-filled containers examined. The percentage of breeding sites in BR (18.36%) was significantly higher (z = 39.23, p < 0.001) than that in CH (0.98%). This difference of infestation between cemeteries was significant (p < 0.001) during all months studied.
The difference in the percentage of positive ovitraps between areas was also significant (z = 6.07, p < 0.001), with higher values in BR (19.6%) than in CH (8.5%). Monthly comparison of oviposition activity between cemeteries showed significant differences in December (p < 0.001), January (p < 0.001) and March (p < 0.01).
Despite the significant differences in infestation of breeding sites and positive ovitraps between areas, productivity of eggs per positive ovitrap did not show a significant difference between cemeteries (U = 7,603, p = 0.45; BR: median = 7.5, quartile 1 = 3, quartile 3 = 12; CH: median = 8, quartile 1 = 3, quartile 3 = 19). Immature productivity per breeding site showed a difference only marginally significative between areas (U = 35,687, p = 0.053; BR: median = 5, quartile 1 = 2, quartile 3 = 12; CH: median = 3.5, quartile 1 = 2, quartile 3 = 11.3).
In regard to seasonality ( Table) , the percentage of breeding sites showed significant differences among seasons, both in BR (χ 2 (3) = 726.04, p < 0.001) and in CH (χ 2 (2) = 30.66, p < 0.001); in both cemeteries, the percentages of breeding sites did not differ between summer and autumn (p > 0.05) and were significantly higher than those in spring and winter (p < 0.001). Likewise, the percentage of positive ovitraps showed significant differences among seasons (BR: χ 2 (3) = 56.34, p < 0.001; CH: χ 2 (3) = 335, p < 0.001); in both cemeteries, the values obtained in summer were significantly higher than those in the other seasons (p < 0.001).
The presence of immature stages of Ae. aegypti was recorded from the first week of October to the second week of July (Fig. 1a, b) . Values increased gradually until March and decreased steadily between April and July.
Maximum infestation of breeding sites was reached in March for both cemeteries (BR: 39.2%, CH: 3.4%). The dynamics of immature productivity per breeding site (both cemeteries together) (Fig. 2a) and the percentage of breeding sites were similar. The maximum monthly median number of immatures was 7 (quartile 1 = 3, quartile 3 = 14.7) in March, and the maximum absolute value recorded in a breeding site was 114 immatures during the last week of March.
Oviposition activity was recorded from the third week of October until the end of April (Fig. 3a, b) ; a considerably shorter period than that in which breeding sites were found. However, oviposition in CH was detected during November and December, but no larvae were found. The percentage of positive ovitraps increased gradually until March and showed a sharp decrease in April. The highest oviposition activity was registered in March for both cemeteries (BR: 41.8%, CH: 20.6%). The monthly productivity of eggs per ovitrap (Fig. 2b) showed a similar trend to the monthly percentage of positive ovitraps. The maximum monthly median of eggs was 10.5 (quartile 1 = 5, quartile 3 = 19.2) in March, and the maximum absolute value registered in one ovitrap was 183 eggs during the third week of March.
In general terms, the highest proliferation of mosquitoes occurred during months with highest temperature and precipitation. Meteorological conditions, with mean temperatures above 20ºC and accumulated rainfalls above 150 mm, were similar in Buenos Aires City during December, January, February, and March (Fig. 4) . However, infestation levels among these months differed significantly in both cemeteries and with both methodologies (monitoring of breeding sites and monitoring of oviposition activity). Highest abundances were recorded in March, after several months with favourable conditions for vector development. A sharp decline in oviposition activity was observed when monthly mean temperature decreased to 16.5ºC (April), and no eggs were found below 14.8ºC (May).
DISCUSSION
The significant differences in the percentages of breeding site infestation and positive ovitraps between both studied areas, were probably due to different habitat quality, as we concluded in a previous study . Despite these contrasting results, both areas showed similar patterns of variation in Ae. aegypti population growth.
The mosquito population dynamics showed similar seasonal pattern using both positive ovitraps and breeding containers. The main differences observed between methods were that the beginning of reproductive activity was more effectively detected with ovitraps than the in- spection of breeding sites, and that higher infestation variations was seen with the inspection of breeding sites than ovitraps. In a comprehensive review of the methods used to study Ae. aegypti, Focks (2003) concluded that the ovitrap is an excellent tool to detect the presence of the vector and to compare infestations among different periods of the year, but it does not seem to be appropriate for comparisons of vector abundance between areas during the same period of the year.
In regard to population dynamics, larvae found at the beginning of October probably hatched from eggs laid in the previous reproductive season, since mean temperatures above 17ºC that are required for successful hatching (Christophers 1960) are registered from October onward, and consequently reproductive season (defined by ovipositioning) would begin at the end of October. Although optimum temperatures for vector proliferation are registered from December onward (Christophers 1960) , maximum abundances of immatures and eggs were observed in March. This delay in the numerical increase experienced from November onward may indicate that the population was recovering from low winter abundances. During March, highest infestation levels have also been observed in other areas of the country, such as Quilmes City (Campos & Maciá 1996) , La Plata City (García et al. 2002) , Chaco Province (Stein & Oria 2002) , and Salta Province (Micieli & Campos 2003) .
The decline in oviposition activity, reflecting the end of the reproductive season, was closely associated with decrease in temperature. Campos and Maciá (1996) for Buenos Aires Province, and Domínguez et al. (2000) for Córdoba City, pointed out that the thermal threshold for oviposition is 17ºC. In the locality of Quilmes, next to Buenos Aires City, Campos and Maciá (1996) found larvae until June whereas in the present study a few larvae were found in July; in both cases, pupae were not observed at these dates. These findings could partially explain winter mortality, since hatch and immature growth without adult emergence can occur at low temperatures (Christophers 1960 , Clements 1992 . At mid-latitudes like Buenos Aires, reproduction of mosquito populations is discontinued as a result of low winter temperatures; abundances would be regulated mainly by temperature rather than precipitation (Campos & Maciá 1996 . In Northern Argentina, reproduction of Ae. aegypti populations probably occurs all year round due to high temperatures, as for example in Corrientes City (Borda et al. 1999) and Salta Province (Micieli & Campos 2003) .
The number of eggs per ovitrap within cemeteries was remarkably lower than that observed in the rest of the city (cemeteries: median = 8, mean = 14; city: median = 15, mean = 25, unpublished observations). Females of Ae. aegypti lay a few eggs in several containers, a behaviour described as skip oviposition (Chadee 1992 , Corbet & Chadee 1993 , Reiter et al. 1995 , Colton et al. 2003 . Within cemeteries, this oviposition behaviour would be favoured by the free access to numerous sites suitable for oviposition, which are placed at short distances apart from each other. Therefore, the lower values recorded in cemeteries when compared to other places, suggest that females distribute a smaller number of eggs in more containers. In Buenos Aires, mean numbers of eggs per ovitrap are within the range of mean values mentioned for other American countries (between 11 and 32 eggs) (Chadee 1992 , 1993 , Reiter et al. 1995 , Yan et al. 1999 , Colton et al. 2003 .
The seasonal fluctuation of abundances described in this study may allow to determine the most appropriate periods for the implementation of control measures. During the approximately five months, that are free of adults (the cold season), elimination of containers would help to reduce vector population efficiently (mainly eggs) with no risk of enhancement of adult dispersal (Reiter et al. 1995 , Edman et al. 1998 ). This would save time and money. However, according to Scott et al. (2000) , the components of Ae. aegypti biology can vary among and within communities as well as among years at the same location, and care should be taken when extrapolating results from one site to another and from one year to the next. Consequently, a longitudinal study covering several consecutive years in different areas of Buenos Aires City is needed to confirm our results.
